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Summary
Background: Recent developments in 2D speckle tracking imaging allow not only
measurements of regional myocardial strain, but also velocities of the mitral annu-
lus. The aim of this study was to determine the accuracy of speckle tracking derived
mitral annulus velocity compared with conventional pulsed wave Doppler measure-
ments.
Methods: 2D speckle tracking was acquired from the apical 4-chamber view (QLab,
Speckle SQ, Philips, Andover, MA) in 169 subjects. While using texture tracking, two
small regions of interest (ROIs) were placed in the septal (IVS) and lateral corners
(LAT) of the mitral annulus. The software automatically tracked the ROIs frame-
by-frame, yielding regional mean velocity curves of the mitral annulus throughout
the cardiac cycle (synthetic pulsed wave Doppler; SPW). From these curves, peak
systolic, early- and late-diastolic velocities of the mitral annulus (S′-SPW, E′-SPW,
′and A -SPW) were measured. Peak systolic, early- and late-diastolic velocity in the
′′ ′mitral annulus (S , E , and A ) by conventional pulsed wave tissue Doppler tracing
were also obtained.
Results: Adequate ROI tracking was observed in 150/169 subjects in IVS and
139/169 subjects in LAT of the mitral annulus. All annular velocities derived
from SPW were signiﬁcantly lower than corresponding velocities obtained from
conventional method in both IVS and LAT regions of the mitral annulus.
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However, signiﬁcant correlation between S′ (E′, A′)-SPW and S′ (E′, A′) was observed. In
particular, a good correlation between E′-SPW and E′ was noted in both IVS (r = 0.89,
P < 0.001) and LAT (r = 0.85, P < 0.001) regions of the mitral annulus. If we deﬁned
E/E′-SPW in IVS > 26 for predicting E/E′ in IVS > 15, sensitivity, speciﬁcity, and accuracy
were 83%, 97%, and 94%, respectively. E/E′-SPW in LAT > 13 had a 94% sensitivity, 92%
speciﬁcity, and 93% accuracy for predicting E/E′ in LAT > 10.
Conclusions: The values of annular velocities by SPW were signiﬁcantly lower com-
pared to those assessed by traditional tissue velocities. However, new cut-off values of
E/E′-SPW for predicting elevated LV ﬁlling pressure highly correlated with traditional
parameters. 2D speckle tracking imaging provides another strategy for evaluating LV
ﬁlling pressures.
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taking the average of those 1D displacements in
boxes. For measuring mitral annular velocities, two© 2008 Japanese Colleg
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ntroduction
n addition to accurate evaluation of left ven-
ricular (LV) regional and global systolic function,
uantitative assessment of diastolic function using
chocardiography is increasingly important in
ccordance with increasing prevalence of aged-
opulation who is prone to develop diastolic heart
ailure especially in western countries [1,2]. Mea-
urement of mitral annular velocity by tissue
oppler imaging (TDI) has become a standard
ethod of choice for the assessment of both systolic
nd diastolic LV function [3—6]. Although several
imitations exist, peak systolic mitral annular veloc-
ty (S′) by pulsed wave Doppler echocardiography
s a simple and reliable marker for evaluating lon-
itudinal LV systolic function. The ratio of left
entricular (LV) inﬂow velocity and early diastolic
itral annular velocity (E/E′) has been reported to
e highly correlated with LV ﬁlling pressure and/or
ulmonary capillary wedge pressure [7,8]. E/E′ in
he septal corner of the mitral annulus >15 pre-
icts elevated LV ﬁlling pressure [8], and E/E′ in
he lateral corner of the mitral annulus >10 predicts
levated pulmonary capillary wedge pressure [9].
Recent development of 2D speckle tracking
chocardiography allows us to measure global and
egional LV systolic function [10—15]. Because accu-
ate and reliable speckle tracking of the mitral
nnulus is relatively easy due to dense and con-
istent speckles in this region, the application of
peckle tracking in the mitral annulus provides
emporal mitral annular velocities throughout the
ardiac cycle, and has another potential for mea-
uring S′, E′, and A′. Thus, the aim of this study was
o (1) determine its feasibility and observer vari-
bility of measuring mitral annular velocities by 2D
peckle tracking echocardiography and (2) investi-
ate their accuracies against conventional annular
elocities using pulse wave tissue Doppler echocar-
iography.
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tudy population
total of 117 consecutive patients clinically
ndicated for echocardiography and 52 normal vol-
nteers (mean age: 53± 17 years, 114 men) were
nrolled in this study. Characteristics of the sub-
ects are shown in Table 1.
D speckle tracking echocardiographic
ssessment of mitral annular velocity
n all subjects, apical 4-chamber views were
cquired during 2—4 consecutive cardiac cycles
sing high frame rate harmonic imaging (S5-1, iE33,
hilips Medical Systems, Andover, MA). Data were
ubsequently transferred to a computer for off-
ine analysis using newly developed prototype 2D
peckle tracking software (SQ, QLab, Philips). At
rst, one cardiac cycle was selected for the analy-
is. After placing square shape of region of interest
ROI) including septal and lateral corners of the
itral annulus, this software performed texture
racking according to a global mean square error
inimization computed on images’ gray level val-
es in the ROI. The displacement ﬁeld for a given
air of frames is expressed at the nodes (vertices)
f a regular triangular mesh subdividing the image
pace. A displacement is then associated to each
ixel of both frames in a one-to-one relationship.
rom this dense motion ﬁeld, a synthetic pulsed
ave (SPW) was created by ﬁrst projecting the dis-
lacement in the direction of the probe and thenmall boxes (5mm× 5mm in size) were placed in
he septal and lateral corners of the mitral annulus
t end-diastolic ﬂame. From displacement infor-
ation, septal and lateral corner of mitral annular
elocity curves were obtained throughout the car-
190
Table 1 Clinical characteristics of the study
subjects.
Age (years) 53± 17
Sex (male) 114 (70%)
Height (cm) 162± 10
Weight (kg) 60± 12
BMI (kg/cm2) 22.6± 2.8
Risk factor
Hypertension 62 (37%)
Hypercholesterolemia 43 (26%)
Diabetes 26 (16%)
Clinical diagnosis
Coronary heart disease 28 (16%)
Cardiomyopathy 10 (7%)
HHD 10 (6%)
Abnormal ECG 9 (5%)
Arrythmia 14 (8%)
Valvular heart disease 3 (2%)
Others 43 (25%)
Normal volunteer 52 (31%)
HR (bpm) 65± 12
SBP (mmHg) 131± 19
DBP (mmHg) 81± 12
Frame rate 66± 9
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SData are presented as mean± S.D. or No (%); BMI, body mass
index; HHD, hypertensive heart disease; HR, heart rate; SBP,
systolic blood pressure; and DBP, diastolic blood pressure.
diac cycle, from which we determined peak systolic
annular velocity, early diastolic and late diastolic
annular velocity (S′-SPW, E′-SPW and A′-SPW) in
both corners (Fig. 1).
Tissue Doppler echocardiographic
assessment of mitral annular velocity
Pulsed-wave Doppler measurements of LV inﬂow
velocity were used to assess global diastolic func-
tion. The sample volume was placed at the tip
of the mitral leaﬂets in the apical 4-chamber
view. The following Doppler indices were mea-
sured: E, A, E-wave deceleration time, and E/A
ratios.
Mitral annular velocities were also recorded from
the apical 4-chamber view with the pulse-wave
Doppler sample volume placed in the septal and
lateral corners of the mitral annulus under tis-
sue Doppler imaging mode. Filters were set to
exclude high frequency signals, and the Nyquist
limit adjusted to a velocity range of 15—20 cm/s.
Gains were minimized to obtain a clear tissue sig-
nal with minimal background noise. From the tissue
Doppler velocity waveforms, peak systolic annular
velocity (S′) and early diastolic (E′) and late dias-
tolic (A′) annular velocity in the septal and lateral
corner were measured.
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iming measurements
o determine the accuracy of time to peak velocity
easurements, we measured time from the R wave
n the electrocardiography to peak S′, E′, and A′
sing both SPW and tissue Doppler imaging in 30
andomly selected patients.
nter- and intra-observer variability
ntra-observer variability was determined by having
n observer repeat the measurements of S′-SPW,
′-SPW, and A′-SPW in 20 randomly selected sub-
ects 1 month later. Inter-observer measurement
ariability was determined by having a second
bserver measure these variables in 20 subjects.
ntra-observer and inter-observer variability values
ere calculated as the absolute difference between
he corresponding two measurements as a percent
f the mean.
tatistical analysis
ata are expressed as mean values± S.D. Fre-
uencies are expressed as percentages. Variables
etween two methods were assessed using paired
-tests. Categorical variables were compared using
isher’s exact test or chi-square test when-
ver appropriate. Linear regression was used to
nvestigate the relation between two parametric
ariables.
esults
he average frame rate in the apical 4-chamber
iew using 2D speckle tracking was 66± 9 s−1
range: 43—90 s−1). Adequate ROI tracking in the
itral annulus was observed in 150/169 subjects
f the septal corner (89%) and in 139/169 subjects
f the lateral corner (82%) of the mitral annulus. A
epresentative example showing conventional pulse
oppler measurement of mitral annulus velocities
nd 2D speckle tracking derived annular velocities
s shown in Fig. 2. Conventional annular veloci-
ies using tissue Doppler echocardiography were
btained in all subjects of the septal corner and
n 153/169 subjects of the lateral corner of the
itral annuls. All annular velocities derived from
PW were signiﬁcantly lower than corresponding
elocities obtained from conventional method in
he septal as well as lateral corner of the mitral
nnulus (Fig. 3). However, signiﬁcant correlations
etween S′-SPW and S′, between E′-SPW and E′,
nd between A′-SPW and A′ were noted in both sep-
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Figure 1 Process of speckle tracking. Upper left panel shows a motion ﬁeld for which the mesh grid is of size 4× 4
pixels in the myocardium as well as mitral annulus. Blue arrows denote direction and amplitude of velocity. From this
dense motion ﬁeld, a synthetic pulsed wave is created by ﬁrst projecting the displacement in the direction of the
probe and then taking the average of those 1D displacements in a box. From displacement information, velocities are
also computed. Right panels show two regions of interest (5mm× 5mm of size) placing in the both sides of mitral
annulus, and annular tracking was performed throughout the cardiac cycle. Lower panel shows mitral annular velocity
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Tleft: septal corner, right: lateral corner), from which pea
easured. (For interpretation of the references to color i
f the article.)
al (r = 0.79, 0.89, and 0.72) and lateral corners of
he mitral annulus (r = 0.78, 0.85, and 0.69). E/E′-
PW in the septal corner of the mitral annulus >26
redicted conventional septal E/E′ > 15 with a sen-
itivity of 83% (19/23), speciﬁcity of 97% (122/127),
nd accuracy of 94% (131/150), respectively. E/E′-
PW in the lateral corner of the mitral annulus >13
ad a 94% (34/36) sensitivity, 92% (95/103) speci-
city, and 93% (129/139) accuracy for predicting
onventional lateral E/E′ > 10 (Fig. 4).
Timing measurements between two techniques
re shown in Fig. 5. A weak but signiﬁcant correla-
ion of time to peak S′ was observed between the
wo methods. Good correlations of time to E′ and
ime to A′ were also noted. Except for time to peak
′ at the lateral corner of the mitral annulus, no sig-
iﬁcant differences of time to peak velocities were
(
p
i
v
ttolic and early and late diastolic annular velocities were
s ﬁgure legend, the reader is referred to the web version
oted between the two methods. Bland—Altman
nalysis showed bias was less than 20ms in each
ariable.
Intra-observer variabilities for measuring S′-SPW,
′-SPW, and A′-SPW in the mitral annulus were 6.5%,
%, and 7.5%. Inter-observer variabilities were 6%,
.5%, and 9%, respectively.
iscussion
he following ﬁndings were obtained in this study.
1) 2D speckle tracking analysis of mitral annulus
rovides annular velocity with a high feasibil-
ty. (2) Although speckle tracking derived annular
elocities were signiﬁcantly lower compared to
hose from conventional pulse Doppler recording,
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Figure 2 Example of an 80-year-old female patient with a previous history of anterior wall myocardial infarction.
(A) Conventional E′ in the septal corner of the mitral annulus was 4.3 cm/s. (B) Conventional E′ in the lateral corner
was 4.5 cm/s. (C) E′ by SPW in the septal (red box) and lateral (yellow box) side of mitral annulus. E′-SPW in IVS and
lateral wall was 1.6 cm/s and 2.4 cm/s, respectively. Note E′ by STI was lower than that obtained using conventional
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epulsed-wave TDI in both recording sites. (For interpretati
is referred to the web version of the article.)
a ﬁnding with good correlation between two meth-
ods makes 2D speckle tracking echocardiography
another strategy for evaluating LV ﬁlling pressures.
Previous studies
An accurate, non-invasive, and reliable method
for estimating LV ﬁlling pressure and/or pulmonary
capillary wedge pressure is important in manag-
ing patients with heart failure [16]. The analysis
of mitral annular movement has potential in the
global LV systolic and diastolic function [3—6]. The
ratio of peak early diastolic LV inﬂow velocity and
peak early diastolic mitral annular velocity (E/E′)
using tissue Doppler echocardiography has been
reported to be useful for evaluating LV ﬁlling pres-
sure, and widely used in daily clinical practice
[7—9,16,17]. However, tissue Doppler derived annu-
lar velocity has angle dependency and thus, its
f
a
d
a
fthe references to color in this ﬁgure legend, the reader
ccurate measurement often requires angle cor-
ected off-axis apical view showing less angle of
ncidence between transducer beam and direction
f the longitudinal movement of the mitral annu-
us, especially in dilated heart. Because this is not
standard apical view, reproducibility for obtain-
ng the same off-axis views during serial assessment
ight be extremely difﬁcult and change in the
maging plane results in the under or overesti-
ation of E/E′. The ﬁxed sampling point of the
itral annulus might not reﬂect true mitral annular
otion.
2D speckle tracking echocardiography is an
merging technology for measuring regional LV
unction [10,12,13,18]. The method can be also
pplicable for the assessment of mitral annular
ynamic motion. Eto et al. [19] developed an
utomated mitral tracking method based on high
rame rate 2D image using the template pattern-
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figure 3 Bar graph of S′, E′, and A′ at septal and lateral s
iddle line shows median values, and upper and lower
xpressed as mean± S.D. SPW, synthetic pulsed wave Do
atching algorithm, and found the longitudinal
itral annular excursion was reduced whereas the
adial excursion was preserved for patients with
schemic LV dysfunction compared with control
ubjects. They also conﬁrmed good correlation
etween the systolic amplitude of mitral annular
ovement and LV ejection fraction. DeCara et al.
20] developed independently automated detection
b
A
a
i
Figure 4 Correlation of E/E′f the mitral annulus measured by SPW and TDI methods.
denotes 95% conﬁdence interval. Numerical values are
r and TDI, tissue Doppler imaging.
f the mitral annulus displacement using 2D texture
nd speckle pattern algorithm, and mitral annular
isplacement was color-encoded on a frame-by-
rame basis. They also observed good correlation
etween mitral annular displacement and LVEF.
lthough these studies have proven that mitral
nnular displacement assessed by 2D speckle track-
ng technology has potential for evaluating LV global
between two methods.
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SFigure 5 Linear correlation analysis (upper panel) and B
to peak velocity between the two methods.
function, no mitral annular velocity data were pro-
vided.
Current study
We demonstrated that mitral annular tracking using
2D speckle tracking echocardiography is feasible in
the majority of cases, and it provides mitral annu-
lar velocity curve, from which we can measure
peak systolic annular and early and late diastolic
annular velocities. Signiﬁcant underestimation of
peak mitral annular velocities compared to con-
ventional pulse Doppler derived annular velocity
is partly related to the fact that obtained veloc-
ity is not nodal velocity but mean velocity in the
sampling region. The differences in the frame rate
between the two methods might be another cause
S
s
s
e—Altman analysis (lower panel) of time from the R wave
f this discrepancy. A good correlation between two
ethods could provide new cut-off values of E/E′
sing 2D speckle tracking with a high accuracy for
redicting abnormal conventional E/E′ values. In
ddition, simultaneous assessment of both septal
nd lateral corner of mitral annular velocity in the
tandard apical 4-chamber view reduces the acqui-
ition time and may enhance the reproducibility
or serial assessment. It has also potential for the
ssessment of LV dyssynchrony.
tudy limitationseveral limitations should be addressed in this
tudy. We did not measure invasive LV ﬁlling pres-
ure as a gold standard. Thus, our results could not
xtrapolate that E/E′ derived from SPW is accurate
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or predicting elevated LV ﬁlling pressure. Speckle
racking in the mitral annulus is much easier than
hat in the myocardium. However, its accuracy still
epends on image quality and frame rate. Although
his method provides two orthogonal annular veloc-
ties (longitudinal and radial annular velocity), peak
nnular velocities obtained in this study was veloc-
ty away from the top of the sector image. Further
tudies might be required to investigate whether
ongitudinal and radial annular velocity provides
ore precise information of the mitral annular
ynamics.
onclusions
D speckle tracking analysis of mitral annulus is
linically feasible. New cut-off values of E/E′-SPW
or predicting elevated LV ﬁlling pressure highly
orrelated with traditional parameters. 2D speckle
racking imaging provides another strategy for eval-
ating LV ﬁlling pressures.
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